Introduction
COPD is a major cause of morbidity and mortality and represents an increasing burden worldwide; it is estimated to become the third most common cause of death and the fifth most common cause of disability by the year 2020.
1,2 COPD is characterized by persistent airflow limitation (AL) that is usually progressive and associated with an enhanced chronic inflammatory response in the airways and the lung to noxious particles or gases. 3, 4 Comorbid conditions, including cardiovascular disease, skeletal muscle dysfunction, metabolic syndrome, osteoporosis, depression and lung cancer, occur frequently in patients with COPD. [3] [4] [5] The concept of a mechanism by which chronic inflammation in the lung, such as that induced in part by smoking, spreads to the blood, the so-called systemic inflammation, resulting in the damage of the other organs in patients with COPD, has been proposed. 4, 6 Mapel et al 7 reported that patients with
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COPD had an average of 3.7 chronic comorbid conditions, whereas those without COPD had 1.8. The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines recommend that not only the lung status but also comorbid conditions should be assessed and treated. 3 The existence of COPD may actually increase the risk for concomitant diseases, particularly lung cancer and cardiovascular disease. [8] [9] [10] On the other hand, several comorbid conditions are reported to be associated with increased COPD exacerbations and a higher risk of hospitalization, resulting in high mortality and morbidity. [11] [12] [13] [14] [15] [16] In recent reports, the main causes of death in mild or moderate COPD are lung cancer and cardiovascular diseases, including myocardial infarction and heart failure, whereas respiratory failure is the most common cause in severe COPD. [17] [18] [19] It is increasingly recognized that many patients with COPD have comorbid conditions and that these have a major impact on their quality of life and survival. 20 New findings concerning the possible association of various chronic conditions, for example, heart diseases other than myocardial infarction and heart failure, with COPD would be of interest. There is a paucity of reports providing data from a comprehensive analysis of medical history, which may be associated with COPD.
The aim of the present study was to examine the relationship between the presence of AL without any history of asthma or bronchiectasis, compatible with COPD, and a medical history of 22 categories of diseases, including cerebrovascular disease, heart disease, hypertension, diabetes mellitus, dyslipidemia, osteoporosis, depression and lung cancer, using a clinical database with spirometry data in Japan.
Methods Population
This study was based on a cross-sectional study comprising 15,631 Japanese patients aged 40 years or older who underwent spirometry tests in Nihon University Itabashi Hospital during the period from September 2005 to December 2008. We excluded patients who had been diagnosed with asthma or bronchiectasis during or prior to the study period and those with restrictive-type pulmonary dysfunction. The remaining 11,898 patients were included in this study. The experimental protocol was approved as a clinical study by the ethics committee of Nihon University School of Medicine (NUSM).
Data collection
For each individual, information on patient demographics (age, sex, weight and height), medical history and spirometry data was collected from the NUSM Clinical Data Warehouse (CDW). This CDW is a centralized anonymous data repository that integrates detailed clinical information such as patient demographics, diagnosis, prescribing data and laboratory data from the hospital information systems of Nihon University Itabashi Hospital and is described elsewhere. 21 Medical history included information on pulmonary tuberculosis (ICD-10 code, A15), malignant neoplasm (C00-C97, D00-D09), cancer of the oropharynx and trachea (C10-14, C32, C33), primary lung cancer (C34), thyroid disease (E00-E07), diabetes mellitus (E10-E14), hyperlipidemia (E78), major depressive disorder (F32, 33), essential hypertension (I10), myocardial infarction (I21, I22), other heart disease ( spirometry Spirometry was performed using a CHESTAC-8800 spirometer (Chest MI, Inc., Tokyo, Japan). All spirometry tests were performed with patients in the sitting position, wearing a nose clip and using a disposable mouthpiece. All subjects were asked to perform at least three forced vital capacity (FVC) maneuvers and slow vital capacity (VC) maneuvers, according to the recommendations of the American Thoracic Society guidelines. 22 The highest forced expiratory volume in 1 second (FEV 1 ) and FVC values were recorded. A diagnosis of AL was defined as a FEV 1 /FVC (FEV 1.0 %) ratio less than 70%, according to the Global Initiative for GOLD guidelines. Reference values for FEV 1 % predicted were derived from Japanese criteria. Spirometry data at the first testing in each individual were adopted for this study. Spirometry data from post-bronchodilator testing were excluded from this study, since the majority of our subjects did not undergo post-bronchodilator testing. 
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Heart disease associated with airflow limitation statistical analysis Comparisons of differences in patient characteristics between groups with and without AL were performed using Student's t-test for continuous variables and chi-squared test for categorical data. Generalized estimating equations (GENMOD procedure in SAS software, version 9.3 [SAS Institute Inc., Cary, NC, USA]) were performed to assess the association between the presence of AL and medical history, with adjustment for potential confounding factors, including age, sex, BMI and pack-years of smoking. The use of generalized estimating equations with an independent correlation structure accounts for clustering of outcomes due to multiple hospital departments. Odds ratios (ORs) and 95% confidence intervals (CIs) were computed. All reported P-values of 0.05 were considered to indicate statistical significance. All statistical analyses were performed with SAS software, version 9.3.
Results
Among 15,631 patients aged older than 40 years who underwent spirometry tests, 3,733 patients were excluded because they were diagnosed with asthma or bronchiectasis by physicians or displayed a restrictive abnormality on spirometry. The remaining 11,898 subjects were classified into patients with AL (AL patients; n=2,309) and without AL (non-AL patients; n=9,589) and were included in the present study. The patient characteristics of AL and non-AL patients, including medical history, are described in Table 1 . In non-AL patients, mean age was 55.34 years, and 56.5% were female. AL patients were older and less likely to be female than non-AL patients; mean age was 69.06 years, and 32.9% were female. AL patients had a greater smoking history (pack-years) and lower BMI than non-AL patients. Table S1 .
We further examined the association between the presence of AL and a history of other heart diseases, which included five subcategories: endocarditis, heart valve disorder, myocarditis and cardiomyopathy, arrhythmia and heart failure ( Table 3) . After adjustment for age, sex, BMI and smoking history, heart valve disorder (OR: 1.33; 95% CI: 1.14-1.56), 
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Heart disease associated with airflow limitation arrhythmia (OR: 1.19; 95% CI: 1.03-1.38) and heart failure (OR: 1.53; 95% CI: 1.29-1.81) were significantly associated with the presence of AL. The association of AL with endocarditis and myocarditis was not significant, which, however, may not have been adequately evaluated because of the small number of patients with these conditions.
Discussion
In the present study, we examined the association between the presence of AL compatible with COPD and medical history and found that a history of tuberculosis or primary lung cancer was significantly associated with AL. In addition, we found that a history of myocardial infarction, heart failure, arrhythmia or heart valve disorder was significantly associated with AL. These findings suggest that a history of heart disease leading to an abnormality of cardiac function may be associated with AL.
It is well recognized that lung cancer and cardiovascular disease, including congestive heart failure and ischemic heart disease, are major comorbid conditions most closely linked to COPD. 9, 12, 23, 24 The reasons for these links are not fully understood, but they may be related to spread of "systemic inflammation" from chronic inflammation in the lung, induced in part by noxious particles or gases (eg, from smoking). 3, 4 Smoking is still the major risk factor for lung cancer, cardiovascular disease and COPD. In the present study, we identified a significant association between the presence of AL and medical history, including lung cancer, myocardial infarction and heart failure, even after adjustment for covariates of age, sex, BMI and smoking history. As expected, these findings, which were consistent with previous reports, are reasonable. An interesting new finding in the present study is that a history of arrhythmia or heart valve disorder was associated with the presence of AL. These relationships were significant even after adjustment for smoking history, although their links were weak. The underlying mechanism of these links between AL and chronic heart diseases, including arrhythmia and heart valve disorder, is not clear. However, heart attacks, heart valve disorders and arrhythmias, which can lead to damage or weakness of the heart, can cause heart failure. In addition, shortness of breath, which is known as dyspnea, is one of the central features of these heart diseases and COPD. The degree of dyspnea varies with the severity of COPD, these heart diseases and their combinations. There is a possibility that these links, in which COPD and these heart diseases themselves interact together, may exist not only for symptoms but also for risk factors or causality for developing diseases. Supporting this, Carson et al 25 reported that the presence of ventricular arrhythmia (OR: 1.91, 95% CI: 1.10-3.31) and atrial fibrillation (OR: 2.27, 95% CI: 1.14-4.51) were independent predictors of 1-year mortality, suggesting that indicators of heart dysfunction could be important predictors of increased risk of COPD mortality. However, clarifying the complexity of these links could be challenging.
Regarding other medical history, diabetes mellitus, hyperlipidemia, depression, hypertension, arteriosclerosis and osteoporosis are common comorbid conditions in COPD and are systemic features associated with COPD, which may be related to "systemic inflammation". 3, 4, 12, 26, 27 In the present study, a history of diabetes mellitus, hyperlipidemia, depression, hypertension, arteriosclerosis or osteoporosis was not associated with AL in multivariate analysis, whereas the relationships with these diseases except for osteoporosis were significant before adjustment (Table S1 ). These findings suggest that valid evaluation of the links between COPD and these chronic diseases, which would be trivial under the influence of covariates such as smoking history and age, could be difficult. The discrepancy between the present study and previous studies may be explained in part by differences in the experimental design or the study population (described in the "Limitation" section). Owing to the nature of the university hospital, many referred patients in our hospital have more advanced disease and need advanced therapy. Thus, this study may have underestimated the prevalence of the early stages of these chronic diseases, which may influence our findings.
limitations
Our study has some potential limitations. We selected the study subjects from patients who underwent spirometry tests in our university hospital. Because execution of a spirometry test is not practical for patients with severe general conditions and/or the acute phase of certain diseases, such as acute myocardial infarction or acute heart failure, this study may systematically underestimate the prevalence of these diseases, especially in the recent period prior to the date of their spirometry tests. Furthermore, pulmonary function status is frequently assessed as a preoperative examination, which may account for the higher prevalence of cancers in this study population than in the general population. Thus, the prevalence of past diseases in this study population would be different from that in the general population, potentially limiting the ability to generalize the results. In addition, this study included only Japanese patients. We, therefore, should consider the possibility that racial differences in genetic 
, which has been identified to be associated with lung cancer and COPD, may impact on the results of this study. 28, 29 Recently, an international worldwide study in the Burden of Obstructive Lung Disease (BOLD) project reported a significant association between spirometrically defined COPD and its risk factors -age (OR: 1.52/10 years), BMI (OR: 0.50 in obese compared with normal weight), education level (0.76 per stage of education completed), passive cigarette smoke exposure (OR: 1.24) and tuberculosis (OR: 1.78) -after adjusting for pack-years of smoking. 30 In addition, another international BOLD study showed that chronic AL was associated with lower BMI, after adjusting for age, sex, smoking and between-site heterogeneity. 31 Similarly, the present study showed that AL was associated with age, BMI, tuberculosis and pack-years of smoking even after adjustment. These findings may suggest acceptable validity of this study population and analysis and that it is appropriate to generalize the findings of this study population, in spite of it containing only Japanese patients. Second, patients who were diagnosed with asthma or bronchiectasis were excluded from analyses, because these conditions could impact on the spirometry results. This study may have underestimated the prevalence of AL. Third, we could not examine the impact of socioeconomic factors, eg, occupation, income or education status, on AL because these data are not available in the NUSM CDW. We should consider the possibility that socioeconomic factors may have influenced the results of this study. Fourth, spirometry data were collected from the hospital information systems, including all departments in our hospital. There is a possibility that outcomes data may not be independent because the data collected from the same department are likely to be correlated. Therefore, we used generalized estimating equations to account for the correlation of these data and to obtain valid results. Finally, whether a history of chronic heart disease, which was observed in this study, contributes to increased risk of COPD is of interest. However, the nature of the crosssectional study involved inherent issues of its limited ability to provide valid conclusions about possible causality, and it cannot precisely answer whether a past chronic disease preceded AL or was a consequence of the disease. In the present study, we assessed the medical history prior to the first date of a spirometry test, but did not assess pulmonary function status before the date of diagnosis because there were few cases with longitudinal spirometry data. The chronological order between onset of AL and past disease is clinically vague. Therefore, we did not accept the period since diagnosis to the date of spirometry tests as the disease duration and did not estimate its effect in this analysis. However, the possibility that the factor of true disease duration would influence the results of this study cannot be ruled out. The findings of our study call for further studies, such as longitudinal cohort studies for a long-term period and randomized clinical trials, for confirmation.
Conclusion
In summary, a significant relationship between the presence of AL and a history of tuberculosis or primary lung cancer was found in this and other studies. In addition, this study identified that a history of heart disease, including myocardial infarction, heart failure, arrhythmia and heart valve disorder, was significantly associated with the presence of AL. These findings suggest that the presence of these types of heart diseases provides a rationale to assess the lung status and look for respiratory impairment, including COPD. 
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